Abstract. In the past decade, multi-Gaussian beam models have been developed to solve many complicated bulk wave propagation problems. However, to date those models have not been extended to simulate the generation of Rayleigh waves. Here we will combine Gaussian beams with an explicit high frequency expression for the Rayleigh wave Green function to produce a three-dimensional multi-Gaussian beam model for the fields radiated from an angle beam transducer mounted on a solid wedge. Simulation results obtained with this model are compared to those of a point source model. It is shown that the multi-Gaussian surface wave beam model agrees well with the point source model while being computationally much more efficient.
INTRODUCTION
Rayleigh waves propagating in an elastic surface are commonly used for the near surface flaw detection and material characterization. Recently, a three-dimensional point source model for the surface beam simulation was developed using a Rayleigh wave Green function with high frequency asymptotics [1] . This point source model requires a significant amount of numerical effort to evaluate the integral over the transducer surface, so it is timeconsuming. Multi-Gaussian beam models have been proved its outstanding capability in both computational efficiency and accuracy, and widely used in many complicated bulk wave simulations [2] [3] [4] [5] . However, to date, multi-Gaussian beam models have not been extended to simulate the generation of Rayleigh waves. In this study, we combine the Gaussian beam with the Rayleigh wave Green function to produce an analytic expression of the multi-Gaussian beam model for surface wave simulations. Also some numerical comparisons of the point source model to the multiGaussian beam model are presented and discussed.
GREEN FUNCTION FOR HIGH FREQUENCY RAYLEIGH WAVE
Consider a transducer placed on a Lucite wedge and radiating Rayleigh waves into a solid specimen. The free surface is described by the   12 , xx coordinates and the 3 x axis is taken normal to the free surface into the underlying solid as shown in Fig. 1 . If the pressure at the interface between the wedge and the underlying solid is known, then using an integral representation of Green's function for high frequency Rayleigh waves, the velocity components,   i v x , at any point,
x , in the underlying solid can be obtained as [6]             
POINT SOURCE MODEL FOR RAYLEIGH WAVES
Recently, a point source model for Rayleigh waves has been developed [1] , using a modified Rayleigh integral [8] T is the transmission coefficient, and
Placing the pressure expression of Eq. (6) into the Green function of Eq. (1), and using the method of stationary phase approximation, the point source model for Rayleigh waves can been given as [1]  
where 10 r is the distance from the element center to the incident point at interface between the wedge and the specimen. 20 r is the distance from the incident point to the calculation point. The angle  is the incident angle for Rayleigh wave generation and T S denotes the area of the transducer surface.
MULTI-GAUSSIAN BEAM MODEL FOR RAYLEIGH WAVES
In order to get an analytic solution for Rayleigh waves, we express the pressure under the wedge with a multiGaussian beam model as [9]         
Then after some algebra, a multi-Gaussian beam model for Rayleigh waves can be given as 
SIMULATIONS
In this part, the surface beam fields radiating from an angle beam transducer will be simulated by both of the point source model (PSM) and the multi-Gaussian beam (MGB) model. The specific transducer used in the simulations is an angle beam transducer with a 6mm radius circular element and 5MHz center frequency. The P-wave speed and incident angle for Lucite wedge are 2.7 mm/µs and 71.63 degrees, and the surface wave speed in aluminum specimen is 2.845 mm/µs. The origin is selected as the incident point on the specimen surface as shown in Fig. 1 . The one-dimensional on-axis magnitudes of velocity fields on specimen surface are shown in Fig. 2 . When using the PSM, the circular transducer surface should be divided into many small elements. However, for some calculating points under the wedge, the condition with fixed incident angle of 71.63 degree cannot be satisfied for all divided elements, so the calculation points with 0<x1<20 mm are not displayed for the PSM case. It can be seen that the velocity fields calculated by the MGB model agree well with the PSM results. Both methods show that the v1 and v3 components play a dominant role and the v2 component is very small and is identically zero along the refracted central axis ray of the transducer. This means that the main energy of the surface wave is in the x1-x3 plane . The one-dimensional off-axis magnitudes of velocity fields at x1 = 50mm on specimen surface are shown in Fig.  2 . It can be seen that the velocity fields calculated with the MGB method agree with the PSM results in the main beam energy region of -15mm< x2 <15 mm , while some small deviations can be found for x2<-15 and x2 >15 region. Figure 5 shows the comparisons of the velocity magnitudes in the thickness direction of the specimen. Good agreement can also be found for the two methods. It can be seen from these plots that the main energy of Rayleigh waves is concentrated on the near surface of the specimen within essentially one wave length.
The computational efficiency was also compared for the two methods. Here two-dimension velocity amplitudes were calculated for 200×200 points to evaluate the computational times. For the PSM method the circular element was divided into 200 sector units in order to obtain high accuracy. The calculation times of the PSM and MGB model were 126.0 seconds and 2.6 seconds, respectively. 
SUMMARY AND CONCLUSIONS
In this study, a multi-Gaussian beam model for Rayleigh waves was developed to calculate the beam fields radiating from an angle beam wedge transducer. The accuracy and computational efficiency of the multi-Gaussian model was verified by comparing with the more exact point source method. This new model extends the multiGaussian beam model approach from bulk waves to surface wave fields.
